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NATIClKALADVINRY CQMMITllEE FOR AERCNAU'ECS 

FLKrCOMPREsSIcNPAKEIsHAVINGLCxGITuMxAL 

By Norris F. Dow and Wllliem A. Hickman 

Direct-m- deelgu charts are presented for 75S+ aluminum-alloy 
flat CcmpreSSi~ panela having 1cqitudQlal straight-web Y-eection 
stl.ffenera l Theee charta make poeeible the direct determinatim of 
the stmes amd.d.lthe panelproportione required to carry a given 
fntenaity of loading with a given ekln thictiea and effective length 
of panel. 

Design charte for King compreeeioll panels have been going through 
a proceee of development since the introduction of the peter 
Intensity-of-loading divided by effective-length-of-panel (reference6 1 
ma2). Thie parameterwas orfginallyconceivedforuee timeaaurZ.ng 
the relative etructural efficiency of different type8 of ccx&xuction, 
and it has been BO ueed by a number of inveetigatore. (See, for example, 
reference 3.) It was al60 found. to have particular value for uf3e in 
deeign charte for longitudinally stiffened compression panel6 (.refer- 
enceB 4 and 5). Deeign cheste of the type presented In references 4 
and5 fell fihort 0fmaxLmum utility, however, because they did not 
permit the direct selection of panel proport1one to meet the princZpa1 
design conditiclnE - Intensity of loading, elan thickneee, and effective 
length of panel. In order to lncreaee the usefulness of such charts, 
amy type ofplotwae propoeed fnreference 6 forueewith them. 
This plot made possible the direct detewtion of the etreas that 
couldbe carriedby mlnimum-weightpenele andone of the panel 
proportion8 required to achieve mk&tmmweight, namely, the ratio of 
etiffener thlcknese to skin thicknese. 5 otherpanelpropotians, 
however, could not be found dLmctly* 

In the preeentpa~er,designchar-ts are preeentedwhichpermit 
the dimctdeterminatlan of aLl the panelproportfans required to achieve 
minlmumweight, a.8 well ax3 all the proportion13 other than those for 
mlnlmm weight which will also meet the given deeI@ ccxuUtians. Theee 
chart6 are therefore ~efulnotcmlyforf5ndingmln3mum~eight 
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proportione but etlso for sturQing the effect of changing the deelgn 
conditiane, or for eelectlng proportions, other then thoee for minlmum 
weight, which may be more eultable for a particular application. 

SYMBOLS 

The syuibole ueed for the panel dimensi~ are given in figure 1. 
Inaddition, the PoUowing synibole are ueed: 

C 

d 

L 

P 

Pi 

r 

c 

P 

7f 

'cr 

QY 

coefficient of end fIxity as used In Euler column form&la 

rivet diameter, inches 

length of penel, iIXheB 

rivet pitch, inches 

catnpreesive load per inch of panel width, kipe per inch. 

all fillet radii, inchee 

cross-sectional area per inch of panel tidth, expressed ae an 
equivalent or average thickness, Inches 

radius of gyration, inches 

average stress at failing load, hsi 

etrese for local buckling of sheet, ksi 

ccanpreseive yield stress, ksi 

DIRECT-READINGDESIGN CZARIS 

Direct-read&g design charts for 75s-T aluminm-alloy flat ccxnpres- 
sicpl panels with lcmgitudinal etraightreb Y-sectian stiffeners having 
the properties and proportlone given in tables 1 to 6 are preeented in 
two forms infQurel3 2to Illa in the first form (figts. 2 to 6), the 
design conditlazlEl of titenaity of loading, effective length of panel, 
end ekinthicknese are incorporated ln the ordinate Pi/W and the 

P 
absciesa L 6* 

TL 
This form, having the deeign cmdltians incorporated 

in the ordinate and abscie‘ea, is the more uEleftil for most design purposes 
became the curve8 are more widely spaced and interpolation is more 
stlaightfoYWWd* Itn the seccnd (alternate) form (figs- 7 to Ill), the 
average streee at failure ZFf is plotted againat Pi/tg awl was dane 
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inthe summargplots of reference 6. -This alternate form, having the 
etrees - aninverrrem3amre ofweightforagivenload - as ordinate, 
is the more useful for u&ing gsneralizations and compari8ons of struc- 
turale#iciencybecawe itshowshownearly the stress actually cerried 
approaches the upper limitcorreepcndingtothe stress thatwouldbe 
achievedby apure shellconstructionifapure shellcouldcarrythe 
load without fatlure. Thts upper limit of streos is represented by the 
lines for Tf - pi ts (infinite stiffener spacing) infigures 7to 11. 

Values of the ratios of stiffener thickness to skin thickness */TV, 
average spacing of rivet lines to skin thickness S/tg (because there 
are two rivet lines associated with each Y-section, the stiffener spacing 
equals 2S), and height of stiffener to stiffener thickness E/W, which 
will satisfy the design ccxxliticns, may be found d@ectly from these 
charts, and the corresponding section properties t/tg, x/tg, and p/t~ 
may be found from tables 2 to 6. In the first form of desigu chart 
(figs. 2 to 6) dashed lines are used to indicate values of average stress 
at failure Zf; whereas, (311 the alternate form of deglgn chart (figs. 7 
to 11) dashed lines are wed to indicate values of 

-+ 
In both forms 

the value of Zf corresp&ng to the point at which each curve is cut 
by a short heavy line is used to repreeent the value of the s-trees for 
10Od buckling bcr for the pmportions represented by that curve. For 
example, the value of crcr for 
is approximately 56 kei. 

( 
$ 

= 33.8 and 6 = l6.Q In figure 2 
Only avery shortpsnelof these proportions 

would buckle before failure - m having a value of Pi ->o*p. If 
L/E > 

the value Of ffcr is so low that the short heavy line would fall outside 
the boundaries of the chart, a numerical value of ccr is given and is 
associated with the proper proportions by a leader to the curve. The 
panelproportionswhichhave tinimumweightare indicated onboth forms 
of these ohartsbythe use ofcolore as follows: 

(l)If the proportions correspond to ablue region,they are the 
proportions which give the LLghteet possible 75%T Y-stiffened panel 
whichwillmeetthedesi~ccnditicms 

(2) If the proportions correspondto eredregion,they are the 
lightest possible at the ratio/of stiffener thickness to ekin thicknees 
givenbythatpartlcularchart,butsame otherthictise ratiowould giw 
a lighter deeigu 

(3) If the proportions correspond to a white region, the proportions 
meet the design conditions, but they are not the Ughtest which will 
meet the conditions 

Because in many cases the proportions msy be varied somewhat from 
those indicatedby the red andblue regions with little change in the 
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value of the stress that can be carried, too much importance should not 
be attached to the exact proportions indicated by the colors to have 
minimum weight. In any particular case for which a deviation from the 
minimum-weight proportions is tie, however, caution dictates thst the 
weight penalty associated with this deviation be determined. 

The development of the direct-reading charts is described in the 
appendix. 

USE OFTHEDIRECT-READIIG DFSIGNcXARl'S 

The manuer of using the direct-reading design charts depends in 
some measure on the desired degree of precision of interpolation among 
the curves. For many purposes, Interpolation by inspection is of 
adequate accuracy, and the use of the charts requires only the calcula- 
tion of the values of the design parameters Pi& and pi - to permit 

LG the desired proportione to be read directly from the curve I . The propor- 
tions for minimum weight, moreover, may be found directly as thoee 
corresponding to the blue region on the curves. 

If more accurate interpolation is desired, a plot can readily be 
made ofpiH/tW9 zf, and Qcr agafnst S/Q at the given values of Pi/t 

snd w 
and the proportions can be picked from it. (Thisplot is 

similar to that which resulte from the use of the minimum-weight design 
procedure with the previously available design charts, references 4 to 6.) 
On a plot of this type, the proportions for minimum weight correspond 
to those associated tith the highest value of Uf. 

As a check on the accuracy of interpolation, the cross-sectional 
area per inch of width of the design may be determined from the values 
of ?,/tg given in tables 2 to 6 and the value of the intensity of loadiq 
that can be carried on this cross-sectional area per inch at the value 
of 5f given by the charts mey then be compared with the design value 
of Pi. 

IlXUSTRATlXEEXAME%E 

In order to illustrate the u8e of the direct-reading design charts 
and the simplicity of the computations associated with them compared with 
those required with previous charts, a panelwillbe designed for minimum 
weight to meet the same principal design conditions used to illustrate 
the design procedures in reference 4, namely: 

1. Intensity of loading Pi = 3.0 kips per inch 
2. Skin thickness TV = 0.064 inch 

3* Effective length -& = 20 inches 
vc 
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As was pointed out in reference 6, an intensity of loading as small as 
3 .O kips per inch msy require a stiffener thickness smaller than can be 
successfully extruded. The value of pi of 3.0 kips per inch is retained 
for the example, however, in order to provldeareadycomparismwith 
the examples of reference 4. 

First the values of Pi/b and 

P, 

PI 

LS 
are calculated 

3.0 
<=0.W4 

= 46.9 kei 

= 0.15 ksi 

tw Thenatrialvalue of t~/ts is assumed (for the example - = 0.5l 
will be used). Inthechsrtforthisvalueof w/t (fig. 3) 22e pofnte 
correeponding to the desigu values of Pi/% and lie above the 

red line at and below the red line at 

the value of H/$ for minimum 

and 49.9 and, because these 
values are not blue lInea, some value of $~/tg . 

other than 0.51 till give less weight. Inspection of the chart8 for 
other Values of tw/% reveals that at the given design values of Pi/tg 

pi end - the blue region lies between 
L/G 

= 49.9 and $ = 60.7 and 

is very near to -55.3 inthechartfor 
-5 

= 0.40. By iriterpolation, . 
the panelpmporti~ corresponding to thisblue region are foundtobe 

x 55, 6 W 32m5, 34 -z 30, !!a 
ew ts 

# 51, tifx 34ksi, and ucr % 16 kei. 

These proportims, then, are those for minImumweight. The actualpsm' 
dimensions canbe calculated fromthese proportions as 

= o.40(0.064) 

w 0.025 inch 
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= 55(0 -025) 

= 1.38 wchos 

= 32.5( 0 l 064) 

= 2.08 fnchee 

NACA TN No. 1640 

and the section properties can be detemWed frm table 2 ~EI 

= 3 .n( o .064) 

= 0.241 Inch 

= 6 .go( o .064) 

=O.kkZinch 

In order to illuetrate the use of the direct-reading deeign chart8 
when more accuracy than that comerqmndi 

"5 
to interpolation by inspection 

is desired, a plot haa been made (fig. 12 of the value8 of rf, 'crj 
and H/% given by the charts at the design valuee of Pi/tg 

Pi 
and LQ-E' The proporticpls which give the highest value of Tf can be 
readily selected from a plot of this kind. (For the example these 
proportima are 80 nearly the same as were obtained by inspectioxi that 
the values will not be repeated; however, the flatneae of the curve of 
Tf againat S/tg in fig. 12 shows that, for a fairly wide range of 
proportions for this particular desk@, the stress that could be 
carried would be mbstantially the mme a8 that for minBmm weight.) 
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AE a check on the accuracy of interpolatim, the maepitude of r,% 
for theee proportiona ten be dete?mWed frczu table 2 end multiplied by 
the values of ti and Q for the deei-- ThIe product ehould be 
equal to the design value of Pi. For the example 

t -= 1.377 
ts 

Tf 5 F tg = 34(1=37mo-064) 

= 3.0 kips per iuch 

which agrees tith the dfmfep Vehe Of Pi origwanyaeeumed. 

Langley Memorial Aeronautical Laboratory 
National Advisory Committee for Aeronmtics 

Ww F1el.G Va., March 16, 1948 
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In order to be direct-reatUng, a design chart neede to incorporate 
all the principal deefgn condAticms into its pezemetere. Previous 
design charts, euch as thoee of references 4 to 6, have incorporated . 
only the design conditfma of compressive load per Inch of panel 
width Pi pi md effective length of panel L/6 in the parameter -* 

L/G 
Consequently, such charts cannot be ueed to find a deeign directly if 
a particular akin thickness Is specified. Because of the trend toward 
higher speeds and. thinner winga end the acccmpanylng requirement of 
a fairly thick skin to provide high toreicmil. stiffness, the sMn 
thickness tenti to become one of the principal design conditions, and 
hence it too should be incorporated into the parameters ueed for deeign 
charte. In reference 7 a suitable parameter Incorporating the el.cLn 
thicknese was found to be PI/~. The deeign charte of reference8 4 
to 6 may be converted, therefore, to incorporate the skLn thiclmeee into 
their pareme tern If value8 of Pi/% are found which correspond to the 

value0 of Zf and pl 
LX given by the curves of the charte. Thef3e 

value6 of Pi/% are eetablished by the fact that both the stress Ff 
and the Intensity of loading Pi repreflented by the curves of these 
previous charts aLway comepcmd to ftilure of the panel. In other 
words, on any curve inthe chart8 

where t Is the cro~ls-secticmal area per inch of panel width expressed 
aa an equivalent or average thicknem. 

If both sldee of thfs equation are multiplied by E and divided 
by the skin thickness tg (valuee of F/-&g are tabulated in referencefl 4 
to 6 for the panel proportlm covered by the associated design charta), 
valuee of the parameter PJtg are 

The curve8 of the previm design charte (referencea 9 to 6) 

accordJ.ngly can be replotted either with their abscissa % 
L7 replaced 

by P&s (figs= 7 to l-l) to give the ame type of plot ueed for the 
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mumary char-& of reference 6, or tith the ordinate bf replaced by 
Pi 

pa% whil-8 LF ie retained as abeciesa (figa. 2 to 6). Any point 
on one of the replotted curve6 then represents a panel design which 
eatiefies the three cond5tione of titeneity of loading, &In thicknees, 
and effective length of panel= A locus of point6 for mInImum weight 
canbe fomd,momover,bya sgsteruatfc st7adyand&nbe Indicated on 
the charts, 80 thatdesignehavlngthe proportions required form 
weight may be found directly. 

The direct-reading deeign charts presentedherein as figares 2 to 6 
are cross-plotted, aa fust described, frm figuree 12 to 16 of refer- 
ence 6 for 77S+l.a.luminum-alloy strai@t-web Y-stiffened panels. 

1. Cox, H. L., and Smith, H. E.: Structures of MinImum Weight. 
R. &Ma No. 1923, Britieh A.R.C., 1943. 

2. ZahorekF, Adam: Effecte of Material Dietributicm on Strength of Panele. 
Jour. Aero. Sci., vol. ll, no- 3, July 194-4, ppm 247X33= 

3= Schuette; Evan H., Barab, Saul, andMcCracken, Howard L.: Cmpreesive 
Stren&h of24S~C~~-Allo~FLatPaneZewithLongitudinal 
Formed Hat-Section Stiffenera. NACA TN No. ll57, 1946. 

4. Schuette, Even H.: Charts for the Minimum-Weight Desfgn of24S-T 
Alumlnum-~ogFlrttC~resslanPaselewithLangitt;udf~ZiBectian 
Stiffenem. NACA ARR No. Lwly, 1945. 

5. Dow, Norris F., Hickman, William A., endMcCrackm,HuwtiL.: 
Compreeeive-Strm&h Ccmperisana of Panels Having Aluminum-Alloy 
Sheet and Stiffeners with Panele Having Magnesium-Alloy Sheet and 
Aluminum-Alloy Stiffenem. NACA TIP No. 1274, 194-j'. 

6. Dow, Norris F., and Hickman, William A.: Design Charts for Flat 
Compreeeion Panel6 Having Longitudinal Extruded Y-Section Stiffeners 
and CmparIecm with Panels Having Famed Z-Bectim Stiffeners. 
NACA TN No. 1383, 1947. 

7* Lax&mar, Henry L.: l&sign of Hat- Platestringer CombInatione. 
Auto.md Aviation md., ~01. 91, 110, u, D~C. 1, 1944, pp- 28-32 
and lo3-104. 
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c For details of stiffener proportime end diameter 
and pitch of rive-&, eee table8 2 to 6; for panel 

dlmemia, 888 fig. l] 

Material properties 

liiL- alloy 
(2I) 

sheet 7zB-Thlclad 67*3 

Stiffeners 73-T 78.2 

Proportion8 

%i - = o-5+ - O.&l 
% 
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r-1: + L 
2 

:g: 
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Fkpre /. - Symboh for pane/ dhensions. 
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Figure 2. - Direct-fee&g design chart for f/of conpfession yeis of 755-T duminum 
alloy with sfmight-web Y-section stimm. $ = 0,40. 
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Figure 4.- Diract-reading design chart for ffot conpressibn ~1~1s of ?3S-T abmf~m 

alloy with straight- wsb Y-soctibn stiffenem. d= 0.63. 
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Figure Z-Direct-reading design chwt(r/tern~te form) for flat compression panels of ?‘Ss-T 

o/urn/hum o//oy wit/~ straighf-web Y-section stiffeners. $ = 0.40. 
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